We present the novel microscopic n-body dynamical transport approach PHQMD (Parton-Hadron-Quantum-Molecular-Dynamics) for the description of particle production and cluster formation in heavyion reactions at relativistic energies. The PHQMD extends the established PHSD (Parton-Hadron-String-Dynamics) transport approach by replacing the mean field by density dependent two body interactions in a similar way as in the Quantum Molecular Dynamics (QMD) models. This allows for the calculation of the time evolution of the n-body Wigner density and therefore for a dynamical description of clusters and hypernuclei formation. The clusters are identified with the MST (Minimum Spanning Tree) or the SACA (Simulated Annealing Cluster Algorithm) algorithm which -by regrouping the nucleons in single nucleons and noninteracting clusters -generates the most bound configuration of nucleons and clusters. Collisions among particles in PHQMD are treated in the same way as in PHSD. In Ref.
Introduction
The study of cluster and hypernucleus production, which reflects the phase space density during the expansion phase, is of particular interest from experimental as well as from theoretical side. The production mechanisms of hypernuclei may shed light on the theoretical understanding of the dynamical evolution of heavyion reactions which cannot be addressed by other probes. In particular, the formation of heavy projectile/target like hypernuclei elucidates the physics at the transition region between spectator and participant matter. Since hyperons are produced in the overlap region, multiplicity as well as rapidity distributions of hypernuclei formed in the target/projectile region depend crucially on the interactions of the hyperons with the hadronic matter, e.g. cross sections and potentials. On the other hand, midrapidity hypernuclei test the phase space distribution of baryons in the expanding participant matter, especially whether the phase space distributions of strange and non-strange baryons are similar and whether they are in thermal equilibrium.
The description of cluster and hypernuclei formation is a challenging theoretical task which requires I) the microscopic dynamical description of the time evolution of heavy-ion collisions; II) the modelling of the mechanisms for the clusters formation.
Cluster formation has often been described either by a coalescence model [2, 3] or statistical methods [4] assuming that during the heavy-ion reaction at least a subsystem achieves thermal equilibration. Both of these models have serious drawbacks. The most essential is that they are not able to address the question of how the clusters are formed and what we can learn from the cluster formation about the reaction dynamics.
PHQMD: basic ideas
In order to overcome the limitations of existing models for the clusters formation, we advance the novel Parton-Hadron-Quantum-Molecular Dynamics (PHQMD) [1] approach which is based on the collision integrals of the Parton-Hadron-String Dynamics approach [5, 6] and density dependent 2-body potential interactions of QMD type models [7, 8] . These clusters can be identified by two methods: either by the minimum spanning tree (MST) procedure [7] or by a cluster finding algorithm based on the simulated annealing technique, the Simulated Annealing Clusterization Algorithm (SACA) [9, 10] . Presently an extended version -the Fragment Recognition In General Application (FRIGA) [11] is under development which includes symmetry and pairing energy as well as hyperon-nucleon interactions. The MST algorithm is based on spatial correlations and it is effective in finding the clusters at the end of the reaction. In order to identify the cluster formation already at early times of the reaction, when the collisions between the nucleons are still on-going and the nuclear density is high, the SACA approach is used. It is based on the idea of Dorso and Randrup [12] that the most bound configuration of nuclei and nucleons evolves in time towards the final cluster distribution.
Results
First results from combined PHSD/SACA approach have been reported in [13] .
Recently we presented the first results from the PHQMD approach on 'bulk' dynamics, covering the energy range from SIS to RHIC, as well as the results on dynamical cluster formation, including hypernuclei, based on the MST and SACA models [1] . In this contribution we show the selected results from Ref. [1] . In Fig. 1 we display our results for Au+Au at 600 AMeV calculated with a hard EoS in comparison with minimum bias ALADIN data [14] . The clusters identified by SACA are stable for times larger than 50 fm/c as shown in Fig.  1 . One can see clearly that PHQMD with a hard EoS reproduces quite nicely the experimentally observed 'rise and fall'. The rise and fall of the intermediate mass cluster multiplicity depends strongly on the nuclear equation-of-state. As shown in [1] , the rise and fall for a soft EoS overpredicts the data at large Z bound 2 . There in semi-peripheral and peripheral collisions, where Z bound 2 is large, the spectator matter is much less stable and fragments into a much larger number of intermediate mass clusters as compared to a hard EoS (Fig. 1) . Thus, the fragment pattern in semi-peripheral reactions can serve as an additional observable to determine the hadronic EoS experimentally.
A special interest is related to the production of hypernuclei in heavy-ion collisions. In Fig. 2 we show the multiplicity of light and heavy hypercluster as a function of the impact parameter for Au+Au collisions at 4 AGeV. As seen from this figure, the yield of light hyper-clusters decreases with the impact parameter, mainly because the overlap region between projectile and target gets smaller and hence less hyperons are produced. In central collisions, mainly small hypernuclei (A ≤ 4) are formed while mid-central collisions are better suited for a study of heavier hypernuclei (A ≥ 5). Hypernuclei with A ≥ 5 are dominantly produced by hyperons which enter the spectator matter and get caught there. Therefore, for heavy hyper-nuclei production there is a competition between the hyperon production which decreases with impact parameter and the spectator matter whose size increases with impact parameter.
Summarizing, we present the PHQMD transport approach which can be used for the dynamical cluster identification including the hypernuclei production from low to ultrarelativistic energies.
